Abstract. The seasonal variability of phytoplankton assemblages in the middle Adriatic sub-basin is described. The investigated area crossed the middle Adriatic from the Italian to the Croatian coasts. Hydrographic data, chlorophyll (Chl) a and phytoplankton were collected on a seasonal basis from May 1995 to February 1996. Highest phytoplankton densities (up to 6 ϫ 10 6 cells dm -3 ) were observed in spring and autumn in the western side, within the diluted waters. The vertical distribution of Chl a exhibited a pronounced subsurface maximum associated, in coastal waters, with micro-planktonic diatoms. Phytoplankton assemblages were dominated by phytoflagellates in all the periods investigated. Diatom maxima were observed in spring and autumn: their vertical distribution generally reflected the Chl a pattern and in the western coastal area peaks are due to large diatom species (Pseudo-nitzschia spp.). In offshore waters, dinoflagellates strongly prevail over diatoms and provide a relevant contribution to the total biomass, especially in highly stratified conditions. Coccolithophorids were mostly encountered in surface layers and their highest contribution to the total biomass was observed in the Levantine Intermediate Water.
Introduction
In the Adriatic Sea, the clear morphological differences along its axis led to the definition of three different sub-basins with homogeneous physical properties (Artegiani et al., 1997a) . The northern sub-basin spans from the northernmost part to the 100 m isobath, and is characterized by an extremely shallow mean depth (~30 m) with a very weak bathymetric gradient along the major axis and by a strong river run-off. The middle Adriatic sub-basin extends from the Giulianova-Sebenik section, along the 100 m isobath, up to the Vieste-Split section, in correspondence to the Pelagosa sill, and includes two depressions, Pomo (or Jabuka) Pits (maximum depth 270 m). The southern sub-basin extends from the Pelagosa sill to the Otranto Channel, and is characterized by a wide depression, >1200 m deep.
The literature concerning phytoplankton distribution and dynamics in the Adriatic Sea is wide (Solazzi and Andreoli, 1971; Gilmartin, 1976a,b 1983; Franco, 1984; Revelante et al., 1984; Socal and Bianchi, 1989; Cabrini et al., 1991 Cabrini et al., -1994 Malej et al., 1995; Totti et al., 1995 Totti et al., , 1998 Totti et al., , 1999 Zoppini et al., 1995; Pucher-Petković et al., 1996) ; however, information is often limited to coastal areas and is generally constrained to the northern Adriatic.discharge represents probably the most important one (Revelante and Gilmartin, 1976a) . The typical picture of the phytoplankton annual dynamics in the northern Adriatic Sea shows a succession between diatom-dominated and phytoflagellate-dominated phytoplankton assemblages. Diatom dominance is typical of bloom regimes that occur in late winter and autumn, while phytoflagellates typically dominate in oligotrophic conditions. Diatom dominance was also described during summer in correspondence to the appearance of mucilage that occurred extensively in the northern Adriatic Sea during 1988 and 1997 (Revelante and Gilmartin, 1991 Totti et al., 1993) . The dinoflagellate blooms that in the past decades appeared regularly in coastal areas of the northern Adriatic Sea, often causing red tide phenomena during summer (Artegiani et al., 1985; Marchetti et al., 1988; Fonda Umani et al., 1992) , became unusual during the last 15 years, during which dinoflagellates displayed a tendency to decrease their contribution to phytoplankton assemblages of the northern Adriatic Sea (Pompei et al., 1998; Totti et al., 1999) .
On the basis of the climatological and circulation characteristics (Russo and Artegiani, 1996; Artegiani et al., 1997a) , the middle Adriatic is considered a transition basin, with some well-defined open-sea characteristics, like the persist-ence of a pool of deep water during spring-summer, the Middle Adriatic Deep Water (MAdDW), which from spring to autumn represents the coldest and densest water mass of the Adriatic and eastern Mediterranean. Hydrologically, the section in the middle Adriatic represents an intermediate situation between the shallow northernmost sub-basin, in which the biogeochemical structure of the water column is strongly influenced by pelagic-benthic coupling processes, and the southernmost sub-basin, in which advective transports of water and organic and inorganic substances prevail in determining the general water characteristics.
Knowledge dealing with the phytoplankton distribution in the middle and southern Adriatic Sea is clearly scant (Marzocchi et al., 1989b; Pucher-Petković, 1989; Viličić et al., 1995; Socal et al., 1999) . It is fairly well known that the oligotrophy of the areas is reflected in the phytoplankton assemblages, dominated by nanoplankton (small flagellates, coccolithophorids and nanoplanktonic dinoflagellates), but little is known about the seasonal variability of the biogeochemical features of this sub-region.
The aim of this work is to investigate the distribution and the seasonal variability of phytoplankton assemblages in the open middle Adriatic sub-basin, considering abundance and biomass distribution along a section that crosses almost entirely the middle Adriatic, from the Italian coast to the Croatian territorial boundary.
Research was carried out in the frame of the PRISMA (phase 1) program, subproject 'Descriptive and dynamical oceanography of the Adriatic Sea': seasonal oceanographic cruises were conducted to investigate the hydrology and the biogeochemistry of critical sections perpendicular to the northwest-southeast axis of the basin, in order to provide a synoptic and dynamical picture of the physics, chemistry and biology of the whole Adriatic basin.
Method
Oceanographic cruises were conducted on board the R/V 'Urania' in May 1995 , August 1995 , October 1995 and February 1996 . The study area (Figure 1 ) is represented by a section between Giulianova (Italian coast) and Sebenik (Croatian coast) across the middle Adriatic basin up to the Croatian coastal waters boundary. Eight stations are located at 14, 27, 51, 65, 88, 100, 125 and 135 km from the western coast. Sampling was carried out using a Rosette Multisampler, coupled with a CTD profiler SBE 9.11+ and equipped with Niskin bottles. Sampled depths (5-8) were chosen on the basis of the CTD profile.
Chlorophyll (Chl) a concentration was determined fluorometrically (HolmHansen et al., 1965) , according to Lazzara et al. (Lazzara et al., 1990) . Dissolved oxygen was determined using the Winkler method (Strickland and Parsons, 1972) . Dissolved nutrients were determined by autoanalyzer, following Grasshoff et al. (Grasshoff et al., 1983) , after filtration on Whatman GF/C glass-fiber filters and storage at -40°C. Samples for phytoplankton analysis were preserved by adding 0.8% prefiltered formaldehyde, neutralized with hexamethylene-tetramine (Throndsen, 1978) and stored in dark glass bottles.
Phytoplankton analysis was carried out following the Utermöhl method (Zingone et al., 1990) , using an inverted microscope (Zeiss Axiovert 135 equipped with phase contrast). Random fields counting procedure (Cordella and Cavolo, 1988) at ϫ400 magnification was integrated with the count on the whole sedimentation chamber at ϫ200 magnification, with the aim of a more correct estimation of less frequent and greater biovolume taxa.
Phytoplankton data are presented with reference to major groups (diatoms, dinoflagellates, coccolithophorids and phytoflagellates); the latter include determined and undetermined forms (size range 3-10 µm).
During counting, cells were measured appropriately in order to calculate cell biovolume, considering the geometric shape of each species (Smayda, 1978) . Phytoplankton biomass was then estimated by converting cell biovolume to carbon, following the conversion factor of Strathmann (Strathmann, 1967) .
Results

Hydrological characteristics
The thermohaline fields (Figures 2-4) show a complete vertical mixing during winter, while the temperature ( occur weakly in spring and become stronger in summer at ~20 m depth. During autumn, the pycnocline moves slightly down to 30-40 m. The waters affected by river run-off are clearly recognizable toward the western coast by the salinity distribution (Figure 3 ), but in summer they spread throughout the surface layer of the section, due to the increased water column stratification. In autumn, the eastern part of the transect is dominated by the intrusion of the LIW (Levantine Intermediate Water), defined by salinity >38.5 p.s.u., from ~30 m depth down to the bottom. This water mass was absent during the other seasons. Following the water mass classification by Artegiani et al. (Artegiani et al., 1997a) , the MAdDW, defined by density values t > 29.2 kg m -3 , is not clearly recognizable, even if values >29.1 kg m -3 occur in the bottom layer and along the Italian slope in spring. A possible process of dense water formation is shown by the density field in winter in the area close to the Italian flank, generating an entire water column with t > 29.25 kg m -3 .
The depth of the water column allows physical separation between the productive and the regenerative zones. This is clearly shown by the dissolved oxygen distributions (Figure 5 ), where the productive area appears in spring, summer and autumn associated with layers of subsurface Chl a maximum. In correspondence with these layers, nutrient concentrations are scarce, especially phosphate, which is close to the detection limit ( Figure 7) .
In autumn and winter, the stronger signal of fresher water coming from the northern Adriatic along the Italian coast is associated with a significant increase of dissolved inorganic nitrogen (DIN) (Figure 6 ). Silicate distribution ( Figure 8 ) shows an increase of values near the bottom that is clearly evident during summer and autumn.
Phytoplankton and Chl a
Chlorophyll a distribution along the section is represented in Figure 9 . The highest Chl a values (~4.3 µg dm -3 ) were recorded in the western coastal area during May 1995, in the surface layer and at 20 m depth. The vertical distribution of Chl a often exhibited a defined subsurface Chl a maximum (SCM) located at 20 m or deeper. The vertical extent of the SCM differed in the four sampling periods: in May it was more pronounced and in the coastal area it was located at 20 m depth, while in the central stations of the transect it was deeper (between 50 and 80 m depth). During the stratification regime, the SCM is usually located between the pycnocline and the bottom: in August, in western coastal stations, it was located at 30 m depth, while in October it was deeper (between 30 and 70 m depth), and in the eastern area of the section it was associated with the LIW.
The density and biomass distribution of total phytoplankton along the middle Adriatic section are represented in Figures 10 and 12 , respectively. The abundance of main groups (diatoms, dinoflagellates, coccolithophorids and phytoflagellates) is illustrated in Figure 11 . The list of taxa is indicated in Table I .
In May 1995, phytoplankton distribution showed maximum values onshore at the western side (station E02), with density 6 ϫ 10 6 cells dm -3 and biomass 91 µg C dm -3 . Another weak maximum was observed at station E12 (1.5 ϫ 10 6 cells C.Totti et al. dm -3 ), while in the center of the section there was a strong decrease in phytoplankton abundance. Phytoflagellates dominated the phytoplankton community, while diatom distribution generally produced a subsurface maximum (1.4 ϫ 10 6 cells dm -3 , 40 µg C dm -3 ) that was clearly evident in the western coastal area within the 30 m isobath, due to large cells (Pseudo-nitzschia delicatissima and Pseudo-nitzschia spp.). In the eastern area, a subsurface maximum was also detected (1.5 ϫ 10 5 cells dm -3 ), mainly due to small diatoms (colonial Chaetoceros sp.). Dinoflagellate (naked nanoplanktonic forms) and coccolithophorid (Emiliania huxleyi) vertical distribution showed maximum values always located above the pycnocline. Significantly lower phytoplankton abundances were observed in August 1995, along with a dominance of phytoflagellates (from 70 to 98% of total abundance). Maximum values were recorded in western stations, where a strong increase due to diatoms was observed at bottom depth (2 ϫ 10 5 cells dm -3 ), accounting for up C.Totti et al. to 82% of total biomass (Leptocylindrus danicus, colonial Chaetoceros sp., Nitzschia sp., Rhizosolenia styliformis). Dinoflagellate density was higher in the surface layer and maximum values (6 ϫ 10 4 cells dm -3 ) were observed in the eastern side, at station E12. Their vertical distribution seemed to be affected by the stratification regime, as a decrease in dinoflagellate biomass always occurred below the thermocline and they almost completely disappeared under the 75 m isobath. Dinoflagellate assemblages during summer were strongly dominated by naked undetermined nanoplanktonic forms and heterotrophic genera such as Protoperidinium appeared only sporadically. The contribution of dinoflagellates to total biomass was often very incisive and they accounted for up to 75% of total carbon. Coccolithophorids (mainly Rhabdosphaera claviger and E.huxleyi) were represented with highest densities in the eastern stations, where they account for up to 20% of total biomass. In October, the phytoplankton abundance pattern described a maximum near the Italian coast (1.2 ϫ 10 6 cells dm -3 ), in correspondence with a fresher water mass coming from the northern Adriatic basin. Cell densities decreased out of the diluted waters, and no increase was observed in the eastern area. The phytoplankton community was dominated again by phytoflagellates, which are more dense in the western coastal area (9 ϫ 10 5 cells dm -3 ) and decreased offshore. Diatoms were well represented in the western coastal waters at the surface layer (1.5 ϫ 10 5 cells dm -3 ), where they produced relatively high biomass values (27 µg Downloaded from https://academic.oup.com/plankt/article-abstract/22/9/1735/1478136 by guest on 28 December 2018 C dm -3 , accounting for 67% of total carbon); a Pseudo-nitzschia sp. was the dominating species, producing a subsurface maximum at 10 m depth. Diatom density decreased slightly offshore, where the subsurface maximum disappeared. Dinoflagellates were distributed with a regular pattern in all the section, with a high contribution to biomass especially at the surface in the western coastal area, where naked nanoplanktonic forms prevailed. The importance of coccolithophorids in the phytoplankton assemblages (E.huxleyi, R.claviger and Ophiaster hydroideus) increased in the central and eastern stations, where at the surface layer they account for up to 38% of total biomass ( Figure 13 ). The phytoplankton assemblages in February 1996 were characterized by a low density all along the section and we observed the minimum values for the study period. Phytoflagellates were the dominating group at every station and depth, and they accounted for 62-91% of total phytoplankton density. Appreciable values of Dictyochophyceae at the surface layer of station E03 (Dictyocha fibula and Dictyocha crux) determined an increase of biomass attributable to phytoflagellates, which account for up to 76% of total carbon. Diatoms were scarcely represented (maximum value 1 ϫ 10 4 cells dm -3 ), while dinoflagellates occurred with density higher than diatoms (maximum value 5.5 ϫ 10 4 cells dm -3 ), accounting for ~85% of total carbon biomass. Considering the relatively homogeneous hydrographic conditions, phytoplankton biomass in four sampling periods was averaged for each area: western (E02-E03), central (E05-E09) and eastern (E11-E12) (Figure 13a and b) . Mean biomass values were highest within the western coastal area during May approaching 45 µg C dm -3 , due to a high contribution of diatoms. A weak increase was observed in the eastern stations (10 µg C dm -3 ). In October, the coccolithophorids in the eastern stations showed high mean values of percent biomass.
Phytoplankton assemblages associated with the SCM differed between western and eastern stations, and the diatom contribution to the SCM was markedly higher in coastal areas. In Table II , the taxa dominating at the SCM in the different periods are represented: micro-planktonic diatoms prevailed in western coastal stations and small colonial Chaetoceros sp. in the eastern side. Phytoflagellates and nanoplanktonic dinoflagellates were the dominating taxa at the SCM in the offshore waters.
The C:Chl a ratio was also calculated from the phytoplankton carbon biomass and Chl a (Table III) : values ranged from 8.4 to 20.0 in May, from 9.0 to 18.9 in August, from 30.7 to 78.2 in October and from 7.9 to 24.6 in February. Minimum values were always observed in correspondence with the SCM depth.
The diatom/dinoflagellate ratio (Figure 14) , calculated here just for comparison with available literature on the Adriatic Sea, showed that phytoplankton distribution was largely different in surface and bottom layers. Moreover, diatoms dominated at the SCM, particularly in coastal areas, while dinoflagellates dominated at mid-depths in offshore stations.
Correlation analyses between phytoplankton and environmental parameters were computed for the whole data set (Table IV ). An inverse correlation was always found between all phytoplankton groups and salinity, while oxygen saturation displayed a positive correlation with dinoflagellates. Phytoplankton displayed a negative relationship between dinoflagellates and nitrate and phosphate concentration. In contrast, ammonia showed a significant positive correlation with diatoms. No significant correlation was found between diatoms and DIN, and unexpectedly between diatoms and silica.
Discussion
The oligotrophic character of the middle Adriatic sub-basin is strongly reflected by the structure of the phytoplankton assemblage, both in terms of density and by the dominance of nanoplankton (mostly phytoflagellates) in all the investigated periods.
Previous studies on phytoplankton dynamics from the middle and southern Adriatic Sea displayed lower densities and higher species diversity than in the northern basin (Rizzi et al., 1994; Fonda Umani, 1996) . In the middle Adriatic, eutrophic phenomena, including red tides, are episodic and confined to specific semiclosed areas of the eastern coast . The dominance of nanoplankton is considered a characteristic of oligotrophic systems (Viličić et al., 
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Octactis octonaria (Ehr.) Hovasse 1995), while an increase of microphytoplankton (mostly diatoms) is classically recognized to be affected by high nutrient concentrations (Revelante and Gilmartin, 1976b; Viličić et al., 1989) . However, although diatoms largely prevail among the microphytoplankton community, it is not correct to indistinctly include all diatoms in the microplankton fraction, as many species (Skeletonema costatum, Chaetoceros spp., Thalassiosira spp., Cyclotella spp., etc.) are often nano sized (i.e. <20 µm). Although a seasonal sampling strategy does not represent the best temporal resolution to appreciate the actual phytoplankton annual cycle and the effects of the seasonal forcings, the highest values of phytoplankton abundance and SAL, salinity, Ox sat, oxygen saturation, N-NH 2 , ammonia, N-NO 2 , nitrite, N-NO 3 , nitrate, P-PO 4 , phosphate, Si-siO 4 , siuca, DIN, disolved inorganic nitrogen,biomass during the study period were observed in spring, according to all high temporal resolution studies carried out in the Adriatic Sea. Phytoflagellates dominated in spring, but also diatom reached high densities, comparable to bloom regimes previously described for the southern Adriatic basin (Viličić et al., 1989) . A new increase was observed in autumn, related to a supply of continental water masses from the northern Adriatic, and in this period we observed onshore the minimum salinity values. This trend is in agreement with the general tendency of the Mediterranean Sea (Estrada, 1996) , where phytoplankton maxima occur when surface waters begin to stabilize (late winter-spring) and in autumn at the beginning of the mixing period. In the stratification regime, phytoplankton abundances and species diversity (as species richness) were lower, although minimum values for phytoplankton density and biomass in the study period were observed in February: during summer, there was a prevalence of phytoflagellates, but also an increased contribution of dinoflagellates, which are often responsible for the main charge of biomass. Phytoflagellate maxima during stratification periods were described previously in northern Adriatic coastal areas (Marzocchi et al., 1989a) , and phytoplankton assemblages dominated by nanoplankton are characteristic in the Adriatic Sea during summer (Revelante and Gilmartin, 1976a; Malej et al., 1995; Pucher-Petković et al., 1996) .
Seasonal variability of phytoplankton in middle Adriatic
The appearance of a maximum in late spring in the phytoplankton annual cycle for the southern Adriatic basin and the Strait of Otranto has already been described by several authors (Jasprica, 1994; Rizzi et al., 1994; Viličić et al., 1995; Jasprica and Carić, 1997; Rizzi and Aprea, 1998; Socal et al., 1999) and could represent a typical feature of the middle and southern Adriatic sub-basins (probably supported by water masses coming from the northern Adriatic), while in the northern Adriatic the phytoplankton annual trend typically exhibits the annual maximum earlier (i.e in the late winter period; Zoppini et al., 1995; Totti et al., 1996) .
Diatom maxima in the southern sub-basin are recognized to be related to an ingression of Adriatic surface water from the northern Adriatic, due to a selective enrichment of inorganic nitrogen (Socal et al., 1999) and an increase was therefore observed mainly in the coastal areas during spring and autumn, as a consequence of continental water input, as shown by the significant negative correlation between diatoms and salinity values in all the periods. Diatom distribution is recognized to affect largely biomass values (Revelante and Gilmartin, 1976a) ; although no zooplankton data are available in this study, it might be assumed that they represent the most exploitable crop and the increase of ammonium at the SCM, in positive correlation with diatoms, might represent a signal of biological activity due to zooplankton grazing (Alcaraz et al., 1994) .
Therefore, considering the west-east gradient, it appears that biomass maxima are clearly confined within diluted waters and the location of the saltier water masses determines a discontinuity in the phytoplankton assemblages that became from diatom dominated to phytoflagellate dominated offshore. During the winter regime of vertical instability, the frontal system that separates the western coastal waters from those offshore is very narrow (Franco and Michelato, 1992) ; therefore, all the study area had the connotation of the offshore system, with high salinity values and low phytoplankton densities.
Regarding the vertical structure, it appears that the relative importance of diatoms and dinoflagellates varied with depth, and a clear separation between dinoflagellate-and diatom-dominated phytoplankton assemblages occurred at the SCM, in correspondence with the nutricline. The dinoflagellates are recognized to be strongly favored by stratified waters (Cushing, 1989) and they concentrated above the pycnocline. Despite the low values of abundance during all the periods, the importance of dinoflagellates in the phytocoenosis often appeared higher than that of diatoms in percent distribution of biomass, and the diatom/dinoflagellate ratio (average values) is <1 in the offshore area and at mid depths. Moreover, Marasović and Pucher-Petković underline an increase of the relative importance of dinoflagellates in phytoplankton assemblages of eastern coastal waters of the middle Adriatic .
The vertical distribution of dissolved oxygen and inorganic nutrients is consistent with the climatological connotation of this sub-region (Zavatarelli et al., 1998) . The inorganic nutrients show uniform concentrations in the upper 100 m layer and a defined subsurface maximum in the layer below, as the dissolved oxygen (except during a regime of vertical instability) exhibits a characteristic subsurface maximum in the euphotic zone (50 m depth) near the pycnocline, due to biological activity, and a decrease down to the bottom (Artegiani et al., 1997a) . The high nutrient concentration at depth in the central and eastern part of the transect during stratification periods may be related to higher salinity value water masses (even if the LIW is clearly recognizable only in October), suggesting upwelling phenomena.
The Adriatic Sea circulation is known to be cyclonic (Artegiani et al., 1997b) and is recognized to be driven by three major components: river run-off; atmospheric forcing, which is responsible for the dense water mass formation; and the Otranto Channel exchanges, which maintain the heat and salt budgets. Each subbasin has a distinct circulation and in the middle Adriatic the cyclonic gyre is generally observed in the Jabuka Pits. Coccolithophorids are recognized to be associated with Ionian waters (Fonda Umani, 1996) and their increase in importance in the phytoplankton assemblages in the eastern stations during autumn may emphasize the signal of the input of the saltier surface waters coming from the southern sub-basin.
An SCM is a common characteristic in several oceanic environments (Djurfeldt, 1994) and in all the Mediterranean Sea (Kimor et al., 1987; Kimor, 1990; Rabitti et al., 1994) . In the northern Adriatic Sea, during the stratified summer period, the SCM is often located below the pycnocline and it is associated with the nutricline (Revelante and Gilmartin, 1995) . It has been suggested that the SCM is located close to the depth of 1% photosynthetically active radiation, still sufficient for growth, in which nutrients become available (Estrada, 1996) . In the middle Adriatic, during the study period, an SCM is already present in the water column, although with a different extent. In the western coastal area, during spring and summer, it is located near the bottom and is associated with the continental waters coming from the northern Adriatic, corresponding to an increase of DIN. In autumn and winter, a surface Chl a maximum is observed in the western coastal area, corresponding to a surface maximum of DIN, while offshore the SCM is always associated with the nutricline. Therefore, it has been shown that during stratification the SCM is located below the pycnocline, and it is not considered as a mechanical accumulation of organisms at the density interface, but rather is located at the nutricline, in a compromise depth between increasing concentrations of nutrients and available light. Revelante and Gilmartin hypothesized that in the Adriatic Sea the SCM is located at the lowest depth where available light makes it possible for phototrophic populations to exploit nutrients advecting from sub-euphotic depths (Revelante and Gilmartin, 1995) . Unfortunately, no data on light intensity measurement are available in the study area, in this period. The vertical increase of DIN concentrations observed below the SCM implies that the SCM traps the vertical flux of nutrients in the impoverished layers of the water column (Banse, 1987) .
Phytoplankton assemblages associated with SCM were different in the western and eastern areas of the middle Adriatic basin: the highest values were recorded in the western coastal area (up to the 50 m depth) during spring, due to Pseudonitzschia spp. The presence of Pseudo-nitzschia spp. in the SCM of the northern Adriatic was reported previously by Revelante and Gilmartin (Revelante and Gilmartin, 1995) and it has been interpreted in relation to their high adaptability to the low light intensities that often occur at the SCM depth. The dominance of large cells (i.e. diatoms), both at the SCM and in western surface waters, probably represents a response to higher nutrient concentrations, as microplankton respond more efficiently to increased nutrient availability (Delgado et al., 1992) . In the more oligotrophic waters both of the central and eastern areas of the middle subbasin, the phytoplankton assemblages at the SCM were dominated by phytoflagellates and nanoplanktonic dinoflagellates. In the eastern part of the basin, a weak diatom subsurface maximum was structured between 10 and 20 m, mainly due to small diatoms (colonial Chaetoceros spp.), as Viličić et al. described in the Strait of Otranto during spring 1987 (Viličić et al., 1995) .
The lack of any relationship between cell density and Chl a concentration suggests the possibility of the existence of photoacclimation processes; in fact, the C:Chl a ratios were minimum in shade-adapted cells at the SCM depth, reaching values much lower than those indicated for the Gulf of Mexico (Steele, 1964; Hobson and Lorenzen, 1972) , indicating that phytoplankton assemblages at the Chl a maximum have the highest Chl a concentration per cell. Therefore, the SCM represents both a biomass maximum and a population adaptation to low irradiance. Moreover, the lower C:Chl a ratios recorded at the SCM depth and in the layer below provide an indication of the contribution of non-Utermöhl taxa, considering the high abundance often observed for picocyanobacteria in the Adriatic Sea (Del Negro et al., 1996) .
In conclusion, the phytoplankton assemblages of the middle Adriatic Sea are poor and characterized by a numerical dominance of nanoplankton during all the periods of the year. In accordance with the general tendency of the Mediterranean Sea, highest biomass values were observed in the western area of the basin during spring and autumn, supplied by the descent of continental waters from the northern Adriatic.
The vertical distributions of phytoplankton and Chl a show a pronounced SCM, following the typical feature of the Mediterranean Sea. The depth and the amount of the SCM differed during the year, being more evident in the stratification regime; the incidence of larger microplanktonic diatoms in the SCM increased in the western coastal areas, while nanoplanktonic diatoms dominated in the eastern side.
